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During the year 1873, my attention was called to the frequent 
accidents, resulting from the breaking of rails, on the different rail- 
roads in this country, and I was requested to investigate the subject. 
The plan of investigation I proposed was to ascertain, in as many 
cases as possible, the exact history of broken rails, both in this 
country and in Europe ; to collect information in Europe relating to 
the tests which rails used there were required to undergo, and to ex- 
periment upon the pieces of rails broken on the road, with a view to 
ascertain whether their fracture was due to their chemical constitu- 
tion, bad manufacture, to a reduction in strength owing to tempera- 
ture, or to physical changes in the constitution of the rail. 

The investigation was commenced by the collection of statistics, 
and for this purpose I spent several months in Europe, collecting 
information on the subject of broken rails, as well as the life of iron 
and steel rails generally, and inquiring into the systems of purchasing 
and of testing them employed by the railroads there, intending, on 
my return, to make a series of analyses of rails broken, both in this 
country and in Europe ; to ascertain, if possible, how far great cold 
had an influence on the fracture ; to examine whether the rail broken, 
either on the road or afterwards, underwent, at or about the fracture, 
any physical change, and to make a series of experiments on the 
strength of rails manufactured in the United States or sold in the 
American market. 

• Unfortunately, the panic of 1873 came on, just before my return 
from Europe, and prevented the carrying out of the larger part of 
the plan proposed ; as, however, I had collected in the meantime, a 
large number of statistics of different kinds from all parts of Europe, 
and had made a number of interesting experiments and investiga- 
tions, I have thought it would be worth while to communicate some 
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of the results to the Institute. These investigation are, unfortu- 
nately, not complete in any sense, since they were suddenly brought 
to a close shortly after they were commenced in Europe, and before 
anything had been done in this country, so that what I have to com- 
municate will be mostly results obtained in France and Belgium, 
from experiments made on broken rails, and statistics collected with 
regard to them, and information relating to the purchase of rails and 
their wear upon some of the principal roads. Some of these results 
have not, as yet, to my knowledge, been published, and most of 
them are interesting, as they bring together a series of facts collected 
over a number of years, on some of the longest and most important 
lines in Europe. 

The purchase of railway supplies and material in Europe differs 
entirely from that in vogue in this country. Hails are very rarely 
purchased in the open market, but are almost invariably made by 
contract with the manufacturer, after patterns furnished by the rail- 
road companies, and expressly for them. For the purchase of sup- 
plies a large number of forms of contract, which are either auto- 
graphed or printed, are provided. Each railway has from twenty 
to twenty-five of these documents relating to the road-bed and its 
supplies alone. They enter into every detail with regard to the ties, 
chairs, plates, wedges, spikes, bolts, nuts, screws, fish-plates, and 
every possible material that the railroad company has to buy. These 
contracts are drawn up by the engineers in charge of each one of the 
different departments, and are submitted to the engineer-in-chief for 
approval. They are altered from time to time, as the necessities of 
the case may require. They bind the contracting parties in such a 
way as would scarcely be tolerated in this country, but their general 
result is most careful management on the part not only of the con- 
tractors, but of all of the employes of the road. These printed or 
autographed contracts are furnished, on application, to the manufac- 
turers wishing to bid for the contract for furnishing any of the sup- 
plies. All the supplies, of whatever nature, are subjected to the 
closest inspection, not only when finished, but in all stages of their 
manufacture, and the contract specifies that during the time of the 
execution of the contract the engineers of the company shall, both 
during the day and at night, have free access to the works, and be 
at liberty to examine every part of the article being manufactured, 
in every stage, from the crude material up to the time of delivery, 
in order to verify that the conditions of the contracts are being ful- 
filled. During this time the engineer in charge is always at liberty 
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to reject the whole or any part of the material which is not up to 
the standard. As the strength of the rail is stipulated in the con- 
tract, a certain number of experiments are made in the presence of 
the engineer of the manufacturer furnishing the rails, but under the 
direction of the engineer of the railroad company, sent to the works 
for that purpose. None of the verifications, however, have the effect 
of in any way diminishing the responsibility of the guarantee of the 
life of the rail for the time fixed in the contract. No manufacturer 
is allowed to underlet any part of his contract to another manufac- 
turer without the written consent of the company. The acceptance 
of the works by the company does not guarantee the whole payment 
until the article contracted for, whether it is a car, a rail, a water- 
tank, steam-engine, or any other material about the railroad, has 
worn well and without repairs during a certain specified time. 

Most of the rails manufactured are of the ordinary American 
pattern, though some companies still use the double-headed rail. 
Iron rails are not so generally used as formerly. On all the principal 
roads their place is being rapidly replaced by steel. Steel-headed 
rails are used by some of the companies, but there is no certainty 
that the weld of the iron to the steel will always be perfectly made. 
The general experience is that there is a tendency for the two ma- 
terials to separate. There have been a great many ingenious plans 
proposed, to make the iron clamp the steel, or the steel clamp the 
iron, but in view of the experiments made at the Northern Kailroad 
of France, it does not seem worth while to lay any but steel rails, 
more especially as the old steel rail has a value which no combina- 
tion of iron and steel could have. 

It does not necessarily follow, that what is done in Europe, is 
better than what is done in this country. On the contrary, 
European railway companies have a great deal to learn from the 
practice of this country, as is shown by the repeated reports made 
by engineers of different countries, sent here for that purpose by 
their governments ; but in the manufacture of rails and the study of 
their wear and tear, we have something to learn from them. I have 
taken some pains to compare the contracts for the purchase of rails 
made by different companies, and give below an abstract of the con- 
tracts made for the purchase of both iron and steel rails, including 
the stipulations of all the roads of France whose contracts I have 
been able to procure. There is, necessarily, a great deal of same- 
ness in these contracts, and as no one of the roads imposes all of the 
conditions which I give below, I have given the contracts somewhat 

2 
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in detail, at* the risk of being tedious, since I do not know that they 
have heretofore been published in English. They are, certainly, 
not generally within the reach of our members. 

CONTRACTS FOR IRON RAILS. 

All of the roads furnish either a drawing- or a steel pattern of the 
form of the rails, and the manufacturer is not allowed to make the 
rails until the company is assured that the rolls agree perfectly with 
the shape furnished. The toleration allowed in the transverse section 
is only J mm. more or less. This is done in order to take into con- 
sideration the difference which may arise from the wearing of the 
rolls, and accidental differences in the distance between them. They 
require a specimen, showing the quality of the iron to be used in the 
rails, to be sent to the office in Paris. The iron rails used by the Lyons 
and Orleans Railroad, are several types of the American and of the 
double-headed rail. For the double-headed rails the length is 5 m. 
for nine-tenths of the order ; the last tenth may be composed alto- 
gether or in part of rails 4.96 m. To facilitate the manufacture, 
one-thirtieth part of the rails may be admitted 3.75 m. For the 
American rail, on the Lyons road, the length is 6 m. for nine-tenths, 
and 5.96 m. for the last tenth ; one-thirtieth of the order may be in 
lengths of 5 m. and 3.75 m. ► The Northern Railroad contracts for 
rails of the American pattern of 37 kils. The normal lengths of 
this rail are 6 and 7 m. For a part of the contract which may not 
exceed one-tenth, and which is fixed by the chief engineer, the rails 
may be 6.96 m. to 5.96 m. long. One rail in twenty may be de- 
livered of a shorter length than these, and may be either 4 or 5 m. 
It is always understood by all the roads that the short rails are to 
be manufactured from the long ones, which have to be cut on account 
of defects at their extremities. All the roads stipulate that they may 
order a certain number of rails of exceptional lengths, providing 
that the greatest length shall not exceed 10 m. 

The Lyons road agrees to pay for all rails exceeding 6 m. in length 
5 per cent, above the ordinary price. The Northern Railroad agrees 
to pay only 4 per cent. A toleration of two millimetres, greater or 
less, is accorded by the Lyons and Orleans Railroad in the length of 
the rail, provided that on the whole order it shall not exceed one per 
cent. The toleration fixed by the Northern road is never more than 
1 J millimetres. 

All rails Nvhich have been manufactured in the trials of the rolls, 
and all others manufactured after the rails have been accepted, but 
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which are not in accordance with the model furnished, are rejected. 
The companies are always at liberty to change the shape of the rails, 
providing always that the special expenses necessary for these changes 
shall be allowed to the manufacturer. 

The weight of the rails is determined by the model, and is ascer- 
tained by trial of the first rails delivered. In the reception of the 
rails, a toleration of 2 per cent, above or below is allowed, providing 
that the weight of the whole contract does not vary more than one 
per cent. Within this limit of toleration, the rails are paid for at 
their actual weight. Above it, the iron is not paid for, and any rails 
outside of the limits, either weighing too little or too much, may be 
rejected entirely if the company think best. 

The blast-furnaces which produce the cast iron used are required not 
to use any ore which gives a brittle iron. If the rail is allowed to be 
made of different qualities of iron, the head mttst be fine-grained, but in 
general, the manufacture must be so conducted as to produce only fine- 
grained iron. It must be weldable, as hard and compact as the speci- 
men which is furnished to the manufacturer, and not cold-short ; in 
short, of a quality to resist the action of the wheels of the train without 
breaking, crushing, or becoming unwelded. The Northern Railroad 
classifies the iron to be used into three distinct classes, namely : first, 
granular iron ; second, iron composed partly of grains and partly of 
fibres, and third, fibrous iron. In the packages for making refined 
iron, only first-class granular iron must be used. The Lyons Rail- 
road prescribes that the foot of the American rail shall be made of 
fibrous iron. It requires that the piles shall be composed of two- 
third puddled iron and one-third merchant iron ; that the width of 
the package shall be 20 centimetres at least, and its height 22 centim- 
etres, and that its weight shall be 40 kilogrammes heavier, at the 
least, than that of the rail. All the bars used in making up the dif- 
ferent layers must be of rectangular section. Each layer of pud- 
dled iron may be made up in width of two or three pieces at the 
most. The layers of refined iron which form the upper part of the 
package must all be of a single piece, and must represent one-fifth 
of the total weight of the package, in order to have in the section of 
the finished rail, on the surface exposed to the wheels, a thickness of 
at least one centimetre. The layers which are next to them should 
be entirely composed of the best puddled iron. All the pieces com- 
posing the package must be of a single length and straight. For 
the puddled iron, however, a few bars are allowed of two pieces, at 
the most, the smallest piece of which must be at least 30 centimetres 
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in length. They, however must be adjusted end to end, with care, 
in such a way as to leave the least possible space in the interior of 
the package. No joint in the package should be directly above 
another joint, and for this reason the bars of puddled iron should 
not be of the same width. Fibrous iron may be used only in the 
last third of the package. Between it and the two first layers, gran- 
ular iron only must be used. The Orleans Railroad allows the rail 
to be made entirely of puddled bar, or with such a proportion of old 
rails as the manufacturers think best. The packages, of which the 
covering for the head is made, must be made exclusively of rectangu- 
lar bars placed together on the flat side, in regular layers, with cross 
joints, and each bar should be 54 mm. in width at the least. The 
packages for the head of the rail should be rolled flat, and not on the 
edges, so that the width of the covering will be parallel to the direction 
of the layers. The cover must be made of puddled iron of the best 
quality. It must be of a single piece, and represent one-third of the 
total .weight of the package. The Lyons Railroad requires that the 
puddled iron used, either in the body of the packages for rails, or 
in the manufacture of the merchant iron for covers, should be of 
good quality, carefully worked, and the edges of the bars should be 
smooth. When they are shorter than the package, they must be 
placed together carefully, end to end, in such a way as to leave the 
least possible space between them. In the works where the rails are 
rolled in a single heat, the packages must be turned in the furnace, 
end for end, when the heat is three-quarters finished. In the works 
where there are two heats, it must be turned at the commencement 
of the second heat. All the companies reserve the right to prescribe 
in what direction the packages shall be rolled, and all require that 
the name of the manufacturer must be engraved in the last curve of 
the rolls, so as to be distinctly seen in each rail. The dimensions, 
form, and composition of the packages, as well as the drawings of 
the successive curves in the rolls, must be submitted to the com- 
pany, without, however, this diminishing in any respect the respon- 
sibility of the manufacturer. 

All the roads require that the rails shall be as carefully manufac- 
tured as possible, and that all those badly welded, laminated, 
cracked, or broken in any way, must be rejected. They require 
that they must be perfectly flat, both on the foot and head, and if 
they are not so, they must be straightened on their four faces with 
the greatest care, or rejected. This straightening is invariably re- 
quired to be done, as far as possible, hot, immediately after the rails 
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leave the rolls. If they, afterwards, when cold, require to be 
straightened, it must never be done by percussion, but by gradual 
and slow pressure produced by means of a screw. 

All the surfaces of the rails must be clean and uniform. All the 
roads require that the ends of the rails must be cut off at a sufficient 
distance to be sure that the rail end is perfectly sound. All pro- 
jecting iron must be removed either with a file or a graver, and the 
ends of the rail must be square with its axis. They all require that 
the final length should be made by cutting one of the ends in a 
lathe, planing machine, or with a milling tool, in such a way that 
there shall be no tearing or any other alteration of the surface at the 
end, and that all excess of matter shall be removed with a file or 
graver, but on no account with a hammer. Reheating any part of 
the rail, either to cut off the ends, or for any other reason, is posi- 
tively forbidden, except in case of temporary accidents to the ma- 
chine used for cutting them, and then, if absolutely necessary, only 
during the time that is strictly necessary to repair it. Every kind 
of repair done to cracks or other inequalities in the rail, whether 
done cold or hot, is forbidden. 

Each extremity of the rail is pierced with two round holes, to 
receive the bolts of the fish-plates, the dimensions and position of 
which are fixed by a drawing furnished by the engineer. The 
Lyons road provides that in some cases one of these holes may be 
half round. Two cuts of a rectangular form must be made at the 
extremity of the American rail to receive the wedges which prevent 
its motion forward, the position and size of which are also given. 
These holes and cuts may be made by any process which shall suit 
the engineer of the company, but in any case the edges of the holes 
and of the cuts must be filed smooth and not left rough. If the 
positions of the holes and cuts do not conform to the drawing, the 
rails may be rejected. The rails must be classified in series, accord- 
ing to the manufacture of different days. 

The Northern and Orleans Railroad require the rails to undergo 
the following tests. Each one of the rails selected for trial is placed 
on supports 1.10 m. apart, and must sustain, in the middle between 
the two supports, a pressure of 12,000 kgs. for five minutes, with- 
out preserving any sensible set after the test. The same rail, in the 
same position, must support during five minutes, without breaking, 
a charge of 30,000 kgs. The Orleans Railroad requires 25,000 kgs. 

At the Lyons Railroad, the rails are placed on supports 1 m. apart, 
and should support a pressure of 13,000 kgs. for five minutes, with- 
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out showing any perceptible set, and then for another five minutes, 
without breaking, a charge of 27,500 kgs. 

After these tests, all the companies require that the rail should be 
broken by an increase of the weight. The Northern and Orleans 
Railroad require, that each one of the two pieces of the rail broken 
should be placed between supports 1.10 m. apart, — the Lyons Rail- 
road makes the distance 1 m., — and should then support, without 
breaking, the shock of a weight of 200 kgs., — the Orleans Railroad 
requires 300 kgs., — falling in the middle between the supports from 
a height of 2 m. for the Orleans Railroad, and for the Lyons and 
Northern Railroad, from a height varying, according to the tem- 
perature. 

From 0° C, and below, of 1.30 m. 

From 0° C. to +20, of 1.50 " 

From +20° C. and above, of 1.70 " 

This variation is made as the rails are not considered as capable 
of resisting as great a strain in cold weather as in warm. All the 
roads require that for this test the two supports should rest upon a 
block of cast iron, weighing at least 10,000 kgs., placed upon ma- 
sonry at least 2.30 m. in diameter and 1 m. thick. The Orleans 
Railroad allows the foundation to be of oak or masonry. If one of 
the rails tested does not resist, the tests are continued upon a greater 
number. If more than one-tenth of the rails do not resist, all the 
roads reserve the right to reject the entire series. 

Provisional receptions are being made at the works, as the rails 
are manufactured, for the object of sorting, weighing, and marking 
them. Up to the time of their being sent to the company, the rails 
must be preserved in a dry place, and kept from oxidation as far as 
possible. Those accepted must be marked at their ends, and in case 
the name of the works, made by a cutting in the last curve of the 
rolls, should not have come out in rolling, it must be marked cold 
in such a way that it shall be visible. The rails which have been 
rejected must either be broken, or marked in such a way that the 
mark cannot be effaced. 

All the roads provide that the tools for making the tests, as also 
all the labor of accepting and testing the rails, must be made at the 
expense of the manufacturer. The report of the tests and receptions 
are made every day. Every rail marked, and comprised within the 
report of acceptance made at the works, becomes, by the act of recep- 
tion at the works, the property of the company. 

All the roads require the manufacturers to allow the agents or 
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engineers of the companies to have free entry to the works during 
the time of manufacture, and to watch it day and night, if they wish 
to ascertain whether the conditions of the contract are being carried 
out with respect to quality, resistance, and proper manufacture ; but 
it is understood that all observations or remarks which the agents of 
the company have to make, should be addressed to the director of 
the works and not to the workmen. 

The manufacturer is made responsible for all delays which may 
result from the rails delivered not being in accordance with the con- 
tract. The Orleans Railroad stipulates that, if there is any delay in 
the delivery of the rails, an indemnity of one per cent, per month on 
the price of the rails may be charged to the manufacturer. If after 
having been notified that this delay is injuring the company, the 
manufacturer still delays to furnish the rails for a month longer, the 
company is at liberty to rescind the contract. 

The manufacturer takes all the risk and expense of loading, trans- 
porting, and discharging the rails up to a point agreed upon by the 
company for delivery, and he agrees to pile them there in regular 
piles. 

The Northern Railroad requires that the rails must stand a wear 
of at least two years without any alteration whatever. The Lyons 
Railroad requires that they shall stand the passage of at least 15,000 
trains. The Orleans Railway makes the life of the rail 2, 3 and 5 
years, depending upon the traffic over the section of road on which 
it is placed, and stipulates that this guarantee does not apply, in any 
way, to provisional lines, nor to switches in the quarries, etc., but 
only to the main line of the road. The manufacturer agrees to 
make a stipulated reduction in the price of the rails according to 
the number which have not resisted during the prescribed time. 

The Northern Railway requires that 10 per cent., at least, of the 
rails furnished are to be placed on the road in positions selected by 
the company, of which the manufacturer is to be notified. At the 
end of two years, the number of rails which have undergone any 
kind of deterioration, such as crushing, un welding, exfoliation, or 
breaking, are counted, and allowance must be made for them by the 
manufacturer. It reserves the right to commence the testing of 
rails on the road-bed whenever it pleases, but agrees that the in- 
demnity must be settled within two years, at the latest, after the re- 
ceipt of the rails, whether the trial on the road is finished or not. 
The responsibility of the manufacturer does not cease until the rails 
have been definitely accepted by the company. 
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All the roads provide that the reception of the rails by the com- 
pany does not diminish the responsibility of the manufacturer to re- 
place rails which break, either in transportation or within the times 
specified by the contract after they are laid. The Orleans Company 
requires that broken rails shall be replaced within a month after the 
manufacturer is notified that they are broken. 

All the companies stipulate that no part of the contract can be 
sublet without the written sanction of the company. 

The Lyons and Orleans Railroad agree that 85 per cent, of the 
value of the rails which have been received at the works shall be 
paid in the course of a month, after their reception, 10 per cent, 
within a month which follows the delivery of the rails at the place 
agreed upon by the company ; the last 5 per cent, is paid by the 
Lyons Company on the final reception, and by the Orleans Company 
the year after the guarantee of the rails has been fulfilled. A cer- 
tain sum is fixed by the Orleans Railroad, however, which the last 
five per cent, shall not exceed, and when this amount retained ex- 
ceeds the amount stipulated, the second payment is raised to 15 
instead of 10 per cent. 

CONTRACT FOR STEEL RAILS. 

The contract for delivery of steel rails generally requires, that the 
rail shall be of the American pattern, a steel or iron profile of which 
is furnished to the manufacturers. It requires that this profile shall 
be followed exactly, throughout the entire length of the rail, so that 
there will be no alteration of the section, when the rails are ctit to 
length. All rails which do not fulfil this condition are rejected. 
A toleration of one per cent., however, at the greatest, is allowed. 
On the Lyons Railroad the rail weighs 35 kgs. They provide the 
foot of the rail shall be 100 mm. wide, its height 128 mm., and the 
stem of the rail 14 mm. thick. If the manufacturer makes a rail 
130 -mm. wide, whose foot has been damaged in the rolls, they will 
allow him to plane it down to 100 mm., providing that all the de- 
fects are in this way removed. The Northern and Orleans Railroad 
do not prescribe the dimensions, but furnish the pattern which the 
manufacturer is required to follow. 

The normal length of the rail at the Northern Railroad is 8 ra., 
but one-tenth of the amount of the contract may be delivered in rails 
cut to the length of 7.96 m. Besides this, another fraction, which 
varies from one-fifteenth to one-twentieth, may be delivered 7 m., 
6 m., 5 m. long respectively, the quantities of each length being fixed 
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by the company. At the Lyons Railroad the length of the rail is 
fixed at 6 m. for nine-tenths of the whole order; the other one-tenth 
may be composed in part of rails 5.96 m. in length. In order to 
facilitate the manufacture, one-thirtieth part may be accepted in rails 
of a shorter length than 5.96 m., but it is understood that these rails 
shall be made entirely of rails intended to be 5.96 m., or 6 m. in 
length, which were cut off on account of defects in their ends. The 
number of these short rails is determined by the contract. All the 
companies stipulate that the short rails shall be made from rails in- 
tended to have been longer, but whose ends have been cut on account 
of defects. All the companies reserve the right to order longer rails, 
for a certain price fixed upon beforehand. 

The rails are generally cut to length hot, as they come from the 
rolls, by means of saws which cut both ends at a time. The definite 
length is afterwards given in a lathe, or milling machine, or by any 
other means which is not likely to injure the end of the rail, and 
which is acceptable to the company. The Lyons Railroad reserves 
the right of at any time modifying the shape of the rail, without 
the manufacturer being able to claim any indemnity, but the com- 
pany binds itself to accept all the rails made previous to the modifica- 
tion, and conformable to the present contract. The normal weight of 
a metre of the rail is always established on the first delivery of 100 
rails, whose sections are conformable to the model. In the reception 
at the works, a toleration of 2 per cent, more or less is allowed, pro- 
vided that on the whole order the variation does not exceed 1 per 
cent. Over 1 per cent, the increase of weight is not paid for. 
A rail which is too heavy, may be entirely rejected if the company 
see fit. 

The cast iron and other material, out of which the steel rail is to 
be made, must be made from ores sufficiently pure to be certain that 
the rail produced will be tenacious and hard. The cast steel manu- 
factured may be made either in crucibles or in furnaces, or by the 
Bessemer process. Sometimes the contract specifies that they shall 
be of Bessemer steel. The operation must be conducted in such a 
way as to give first-class steel, fine-grained, homogeneous, hard, 
tenacious, and capable of being tempered throughout, when drawn 
out into bars of from 15 to 22 mm. square. In all cases the manu- 
facturer is required to furnish samples to which the rails must con- 
form. The manufacture of the rails is not allowed to commence 
until a type specimen of the steel has been submitted to the engineer 
of the company. The ingots for the manufacture of the rail are 
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required to be of, at least, a single piece for each rail. The North- 
ern Railroad, for the rail of 30 kgs., requires the section of the ingot 
to be at least 22 by 20 cm., if they are square, or if circular, a 
diameter of 23 cm. The Lyons Railroad requires for the rails of 
35 kgs., the rectangular ingots to have their angles rounded, to be at 
least 25 cm. square, or if they have a circular section, a diameter of 
at least 28 cm., and stipulates that the weight of the ingot must ex- 
ceed that of the rail to be manufactured by at least 35 kgs. The 
Orleans Company does not prescribe the size of the ingots. The 
section of these ingots may not be modified without the approbation of 
the engineer. After casting the ingots, the liquid metal must be 
covered over with a piece of sheet iron, and argillaceous sand must 
be thrown upon it and pressed down, so as to fill up the interior of 
the mould at the top. The ingots must be examined with care, and 
those which show blow-holes or impurities, or other defects, which the 
rolling will not cause to disappear, are rejected. Simple cavities, as 
well as thin edges of metal on the sides, whether caused by defects 
in the ingot moulds or not, must be cut off with the greatest care 
before the ingots go to the rolls, and over a suflBcient space to make 
it impossible for the sides of the blow-hole or of the edges to turn 
over. Any ingots showing cracks or breaks, or otherwise defective, 
are to be rejected. The ingots must be heated only sufficiently for 
them to undergo the operation of rolling, and the rolling must be so 
conducted as to get the * exact form of the rolls, and every effort 
must be made to prevent the rail from being bent as it comes out of 
the rolls. The Orleans Railroad requires, that in case the manu- 
facturer carries on his works in two places, and that the ingots are 
made at a different place from that in which the rails are made, the 
ingots must be classified separately, and their place of manufacture 
indicated by marks, so that the agents of the company may be able, 
if necessaiy, to ascertain the history of their manufacture. One 
ingot out of every twenty castings is broken. If this ingot shows, 
in the part adjacent to the outside, blow-holes in any number which 
are more than 30 mm. in depth, the entire casting from which it 
came may be rejected. 

The fracture of the rails must be fine-grained, nearly compact, 
entirely homogeneous, without brilliant white points resembling the 
fracture of cast iron. The hardness is regulated by the type speci- 
men which is furnished by the company. Repairing the rails, either 
cold or hot, is positively forbidden. The surfaces of the rails are 
required to be smooth and uniform. All the rails which show 
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cracks, breaks, laraellated surfaces, etc., coming from blow-holes, 
cracks, or flaws of any kind are rejected. Only such superficial cracks 
or imperfections are tolerated, as cannot in any way injure the 
strength of the rails. 

All the roads require that the rails shall be straight through their 
entire length, and that they must, as far as it is possible, be straight- 
ened on all the four faces hot, as they come out from the rolls. This 
must be done on cast-iron plates, or any other suitable bed arranged 
for the purpose, and the rails must then be placed on a solid struc- 
ture to cool. The final straightening, made when the rail is cold, 
must be made by a gradual pressure, without shock, and in perform- 
ing the operation the foot of the rail must be arranged in such a 
way that there will be no danger of cracks being produced in it. 

The ends cut off from the rails must be examined for texture, and 
if the quality is not sufficiently good, the rails are to be rejected. 
The length to be cut off from the ends of the rails, is 70 cm. for the 
extremity corresponding to the upper part of the ingot, and 30 cm. 
for that corresponding to the lower part. The hot rails, as they 
come from the rolls, are to have both ends cut with a saw. The 
final length is given cold in a lathe, planing or mortising machine. 
Heating the ends of the rails, in order to cut them, is positively for- 
bidden. Whenever the rails are cut with a saw, as they come out 
from the rolls, their ends must be carefully dressed. Whatever the 
method of dressing the ends may be, it must be conducted in such a 
way as to make no alteration in the form of the end of the rail, and 
the method must always be approved by the company. The end 
surfaces of the ends of the rails must always be parallel and at right 
angles to the axis of the rail. All superfluous metal must be cut off 
with a graver or file, the use of the hammer for this purpose being 
positively forbidden. 

All the rails must have two square cuts at each end, and must also 
have at each end two holes for the fish-bolts, which must be bored 
with a drill in the stem of the rail, in accordance with plans and 
drawing which are given, and which prescribe not only the size and 
place of the holes, but also the methods of boring them. These 
holes must never, for any reason, be punched. The edges of these 
holes must be perfectly clean, and all superfluous metal must be 
removed with a file. The Orleans and Lyons Railroad allows a 
toleration of only J millimetre in the distance and size of these 
holes. 

All the rails must have the name of the works, the year and 
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month of the manufacture, and the kind of steel, whether cast, 
Bessemer, or Martin, marked on them in relief. All these marks 
must be engraved in the rolls, except that denoting the nature of the 
steel, which may be made with a point after the rails are finished. 

All the rails are classified as soon as possible after they are made, 
so that they can be inspected and tested at the works, those made 
during one, two, three, or four days, or those from the same casting, 
being piled together. The engineer designated to receive the rails, 
takes from these piles a number of rails, and the corresponding rail 
ends, to be tested. The number is variable ; it is not more than one 
per cent, on the Northern Railroad, and not more than one-balf per 
cent, on the Lyons Railroad, while the Orleans Railroad reserves the 
right to test five per cent, of the rails, and their crop ends. The 
companies reserve the right of making tests on any other rails not 
comprised in these piles, provided the piece experimented upon is 
0.70 m. in length, and without flaws. The tests are essentially 
the same in all the companies, but differ somewhat in detail, the 
differences corresponding, for the most part, to the weight of the 
rail. All the companies use the same type of testing machine, and 
a weight of 300 kgs., which is allowed to fall on the rail from differ- 
ent heights. At the Lyons Railroad, where the rail weighs 35 kgs., 
each one of the rails selected from the piles to be examined, is placed 
upon its foot between supports, 5 ra. apart, and should be able to 
support, for five mihutes, a charge of 2500 kgs., without receiving a 
permanent set of more than 1 mm. The same rail, placed between 
supports 1 m. apart, must support for five minutes, in the middle 
between the supports, a pressure of 20,000 kgs., without receiving a 
permanent set of more than J mm. The same bar, in the same 
position, must support during five minutes, a charge of 35,000 kgs., 
which will then be increased until the rail breaks. At the Northern 
Railroad the tests of pressure are somewhat different. The rails are 
placed on supports 1.10 m. apart, and must support, in their middle, 
for five minutes, without receiving any permanent set, a pressure of — 

20,000 for a rail weighing 87 kg. 

18,500 " «< «' 36 " 

17,000 " " *' 30 '* 

Without having a permanent set of more than 0.25 mm. a pressure 
of— 



36,000 for a rail weighing 87 k 

38,000 «< " " 86 »' 

30,000 '< " " 80 " 



K- 
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The Orleans Railroad requires that the rail, placed on supports 
1.10 m. apart, should support a weight of 16,000 kgs. for five min- 
utes, without preserving any set, and without breaking; a weight of 
36,000 kgs. also for five minutes. The pressure is then increased 
until the rail is broken. 

At the Northern Railroad each one of the halves of the rail so 
broken, is then placed between supports 1.10 m. apart, which are 
fixed upon a block weighing, at4east, 10,000 kgs., supported upon a 
foundation of masonry, which must be 1 m. in thickness, and 3.3 m. 
square at the base, and must bear, without breaking, a weight of 
300 kgs. falling upon the middle of the bar, which, for a rail weighing 

37 kgs., must fall from a height of . . . . 2.50 m. 

86 »«*'"" '< 2.40 " 

30 it li tt II II 2.26" 

The Lyons Railroad, for the rail weighing 35 kgs., requires a height 
of 1.70 m. 

The following table shows the permanent set which will be ad- 
mitted for rails of various weights by the Northern Railroad : 

Height of fall in metres, 1 1.60 2 2.25 2.40 2.60 

Permanent set in mm. for rails weighing 37 kgs., 13 6 10 

'' " " ** " 36 ** 1 3.33 7 11 

" " " " " 30 <* 1 3.50 8 11 

The Lyons Railroad requires the height of fall, 1.70 m. ; perma- 
nent set for rails weighing 35 kgs., not over 12 mm. The Orleans 
Railroad requires the rail to resist a height of 2.10 m. 

The elasticity of the bar will be shown by the way in which the 
weight rebounds when it strikes. 

If one of the bars tested breaks below 

i 60 m., for a rail weighing . . . . . . 37 kgs. 

2.40 " *< " it 36 " 

2.26 " " " " 30 " 

or should preserve at this height, a permanent set of more than 2 
mm. beyond that indicated, the Northern Railroad requires the test 
to be continued on a greater number of rails, and if more than 1-lOth 
of the rails tested do not resist, the entire pile from which they were 
taken is rejected. 

The Orleans Railroad provides that all the five crop ends of the 
rails selected may be broken by the drop-hammer, in order to ex- 
amine their texture, and that the rail corresponding to the rail end 
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which has the worst fracture, shall be selected as the one to iin(Jergo 
the test of shock. If this rail resists, the rest of the series will be 
accepted, but if, on the contrary, it breaks, a second rail will be tried, 
and so on. If each one of the five rails breaks then the whole hun- 
dred will be thrown out. At the Lyons Railroad, if one rail does 
not stand the test, all the rails from the same casting may be re- 
jected, unless the manufacturer desires to continue the testing upon 
two other bars which, if they resist, will cause others to be accepted. 
At each casting, one ingot heavier than the others is required to be 
made, in order to get a sound rail of 70 cm. greater length than the 
others. This 70 cm. is at once cut off from the rail, and must cor- 
respond to the upper end of the ingot. 

The number of the casting, and the other marks made upon the 
ingot from which this end for testing was made, are reproduced upon 
the piece of rail. This piece of the rail is placed on two supports 
60 cm. apart, and must support the shock of a weight of 300 kgs. 
falling on the middle from a height of 1.30 m. The two supports 
are made of cast iron, with round angles, and rest upon the same 
kind of a foundation as that upon which the rails are tested. When 
this end of the rail does not support the test, a rail of the corre- 
sponding casting is submitted to the test of shock and flexure, and 
if it does not resist, the whole casting may be rejected. 

A piece of the head of the rail, at least 20 cm. in length, is then 
broken and heated to cherry-red and plunged into cold water, in 
order to get a hard temper. The surface of the piece should then 
be white, perfectly clean, and with difficulty touched with a file. 
If the steel is of good quality it should, during its immersion, pro- 
duce considerable noise, with slight explosion, and crack in several 
places. It must be broken afterwards in the middle, in order to 
judge of the degree of temper and the transformation of its tex- 
ture. A piece of the same rail, 3 cm. wide and 2 cm. thick, is then 
drawn out and submitted to the same test. The result should be the 
same, but the grain of the fracture should be much finer than that 
of the specimen of the rail tempered without being drawn down. 
The test of tempering is made upon one casting out of ten con- 
secutive ones. From a .piece of the same rail a graver, a turning 
tool, a mortising tool, and a planing tool should be made. These 
tools, tempered in the ordinary way, should without breaking or 
bending, cut the outside bed of a white iron casting. The Or- 
leans Railroad requires that the rail should be forged from 20 to 30 
mm. square, and be tempered so hard that they will break easily. 
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The fracture of the broken rail should have a fine uniform grain, 
and a much finer texture than before tempering. A piece of rail is 
then rolled out to 75 mm. in length, and 1 cm. thick, and made in 
the shape of a spring. The spring is laid upon supports and tested 
with a weight placed upon its convex side, in the middle. The 
spring should be capable of being lengthened 4 mm. per metre, with- 
out breaking. All the rails submitted to the test by shock should 
undergo this trial. 

A provisional acceptance of the rail is made by the agents of the 
company at the works, and, so far as possible, as they are manufac- 
tured. The object of this is to sort, weigh, and mark all the rails 
which fulfil the stipulated conditions. All rails which, either in 
transportation, before or after being laid upon the road-bed, are 
broken within a certain specified time, must be replaced. The entire 
expense of the apparatus for making the tests, as well as the labor 
of receiving and testing the rails, is borne by the manufacturer. All 
the rails accepted are marked at their ends, and those which are re- 
jected are also marked in a way that will effectually prevent their 
ever being used on the road-bed. All of these marks must be easily 
seen, and must be made in such a way that they cannot be effaced. 
The Northern Railroad requires a guarantee of the rails for six years 
from the date of their manufacture, whether they are employed on 
the direct line or upon switches. The Orleans Railroad especially 
provides that the guarantee shall not extend to rails laid in ballast 
quarries, or put down for the purpose of building any part of a new 
road. 

Every rail that during this time is broken, or becomes deteriorated 
in any other way than by ordinar}' wear, must be replaced by the 
manufacturer. This exchange of damaged rails for new ones is ef- 
fected at places indicated in the contract. At the Lyons Railroad, 
all rails which are broken or injured before 15,000 trains have passed 
over them must be replaced. Whatever may be the cause of the 
fracture, all the rails broken within a period of 3 years and 3 months 
after they are delivered must be replaced, or, if the manufacturer 
does not care to replace them, he may indemnify the company in 
money. In order to ascertain what this is likely to be, 5 per cent, 
of the rails delivered may be placed by the company on its line, on 
curves, or wherever else it shall be judged most convenient, and the 
manufacturer is notified of these places. At the expiration of the 
delay necessary for the passage of 15,000 trains, all the rails which 
show a commencement of deterioration, like crushing, want of proper 
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welding, exfoliation, fracture, etc., comprising those which have been 
already replaced, shall be noted. 

The proportion which is fixed in this way, is applied to the entire 
order. The indemnity for every ton of rails, without taking into 
consideration rails which may still be used by being made shorter, 
is fixed by contract and is intended to represent the difference in 
value between a ton of the new rails and a ton of the rejected rails, 
both delivered in the depot nearest to the manufacturer; but the 
rejected rails, except the broken ones which are replaced, will remain 
the property of the company. The rails must be delivered on the 
cars at the railroad station nearest to the works of the manufacturer, 
or deposited in regular piles, which can be easily counted, at some 
other place, if so indicated by the contract. Transportation from 
the works to the place of delivery is in all cases to be made at the 
risk and expense of the manufacturer. 

The payments are made at Paris. The Lyons Railroad pay 95 
per cent, of the value of the rails at the end of a month after their 
delivery, the other 5 per cent, after their final reception. Both the 
manufacturers and the railway companies are exceedingly particular 
in their instructions with regard to the treatment of rails in trans- 
porting them on the cars, and particularly in discharging them from 
the cars ; throwing the rails or allowing them to fall from any height 
being most positively forbidden. 



The care of rails is, in some instances, even carried to excess. 
Some companies who distribute their rails at certain points along 
the road, in order to provide for possible accidents, house beside the 
track all the rails so distributed, in order to prevent oxidation. This 
housing is, certainly, very desirable in the winter-time, when the 
rails are likely to become frozen together, but it does not seem neces- 
sary for the cause assigned, for the danger from oxidation, except ia 
contact with acid waters, is exceedingly trifling. The rails broken 
upon the road are usually brought to the workshops of the main 
oflice of the road, and the pieces tested. It is very rare that the 
pieces so tested do not resist a force superior to that required by the 
contract. 

As an example of the way in which this testing is done, and the 

. care which is taken to see that all the rails are up to the required 

standard, I give below two examples of the details of testing broken 
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rails. These experiments were made at my request, and in my pres- 
ence, under the direction of Mr. Contamin, who had charge of that 
department, at the works of the Chemin de Fer du Nord, at Ermont, 
near Paris. 

Both the rails tested were of steel, and had been broken on the 
road while I was in Paris, and were sent to the works at my request 
for the purpose. The first experiment was made upon a rail weigh- 
ing 35 kg. per metre, manufactured at Creusot. This rail had been 
down one year. It was found broken 2.15 m. from one end. The 
fracture was uniform, and without blow-holes or dark spots. The 
lower part of the fracture on the foot of the rail was quite smooth, 
which seems to show that there had been more or less vibration at 
that point, and that the fracture had commenced there. Both pieces 
of the rail were tested. One of them was 5.75 m., and the other 
2.15 m., so that the rail was originally 7.90 m. in height. 

Test of the Piece 5.75 m. in length, broken on the Eoad. 

The piece of the rail was placed upon supports 1.10 m. apart, 
and subjected to the fall of a weight of 300 kg. under the exact con- 
ditions of the contract, the results of which are given in the table 
below : 

Height of fall, 1 m. 1.50 m. 2 m. 2.25 m. 2.50 m. 8 m. 3.25 m. 

Permanent set, 1 mm. 7 mm. 16 mm. 24 mm. 83 mm. 44 mm. broke. 

The rail, when struck by the weight, gave out a silvery sound, 
and was so elastic that when struck from a height of 1.50 m., the 
weight rebounded several times at each stroke, and the rail turned 
bottom up in the supports, so that the head was down. The rail 
was always replaced in its proper position when it turned over. At 
the height of 3 m., the rebounding weight falling upon the rail 
which had turned when the weight first struck it, so that the foot of 
the rail was uppermost, but the rail was not horizontal, broke oflT a 
piece of the foot, for which reason the rail broke at that point at the 
next fall, which was 3.25 m. This piece of the rail was now broken 
into two pieces, which were 2.45 m. and 3.30 m. in length. Both of 
these pieces were tested. 

Tests upon the piece 2.45 m, in length. 

Height of fall, . . 1 m. 1.50 m. 2 m. 2.25 ra. 

Permanent set, . 4 mm. 10 mm. 22 mm. broke. 

8 
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It will be noticed that the permanent set here was much greater 
than in the case of the first piece, but the rail did not break until it 
arrived at the limit required by the contract. The fracture was light- 
gray, but dotted with small brilliant points which did not appear in 
first test. 

Test on ike piece 3.30 m. in length. 

Height of fall, 1 m. 1.50 m. 2 m. 2.25 m. 2.60 m. 8 m. 8.25 ra. 

Permanent set, 8 mm. 5 mm. 10 mm. 16 mm. 20 mm. 28 mm. broke. 

It will be noticed that the set in this case Ls very much less than 
in the former tests. The piece was so elastic, that the weight re- 
bounded from it, and from 2 m. onwards the rail turned over, after 
every stroke of the weight. The fracture was entirely regular, and 
similar to the fracture of the first piece. 



Test of the Piece 2.15 m. in length, broken on the Road. 

Height of fall, 1 m. 1.50 m. 2 m. 2 25 m. 2.50 m. 8 m. 3.25 m. 

Permanent set, 6 mm. 16 mm. 86 mm. 54 mm. 74 mm. 98 mm. 120 mm. 

The sound produced by the fall of the weight was not so sonorous 
as in the former cases. The rail did not turn over in its support, 
and the weight did not rebound until after the second shock, and 
then only once after each shock instead of several times as in former 
cases. When the flexure of the rail had reached 120 mm., it was 
so much bent, that it touched the bottom between the two supports. 
It was then turned over and straightened, by allowing the weight to 
fall upon the foot. After three successive shocks from a height of 
3 m., the rail became perfectly straight, but at the last shock a piece 
of the foot 15 cm. in length was broken ofiF. The rail was then 
placed with the head up, but the first blow from a height of 3 m. 
broke it. The fracture was clear gray without brilliant points, but 
appearing as if the crystals had been elongated. This test shows a 
very extraordinary resistance to rupture, within 85 cm. of the point 
where the rail broke upon the road. 

This rail was thus broken five times, once upon the road and four 
times in these experiments. Although the resistance to rupture in 
the four experiments is very unequal, and the different parts of the 
rail seem not only to have a different resistance, but a different 
elasticity, they are all within the limits prescribed by the contract ; 
and, therefore, in a commercial sense, the original fracture cannot be 
said to be owing to the inferior quality of the rail. 



INVESTIGATIONS ON IRON AND STEEL RAILS. 23 

The fracture on the road was probably caused by an imperfection 
which was undoubtedly commenced in a small crack, probably pro- 
duced either in straightening the rail, or in discharging it from the 
cars. The irregularity of the resistance was so great that I had 
pieces cut off near the breaking points of each one of the pieces of 
rails, preserving the fractured surface on one side. The other side I 
had polished so that it might be etched by acids. In this way I 
hoped to discover any irregularity of texture. 

The other rail broken was manufactured at Terrenoire and had 
been in use 16.5 months. It was laid on the 16th of December, 
1872, and taken up broken on the 15th of April, 1873. The frac- 
ture commenced in the body near the head, and just above the fish- 
plate holes, and extended from thence a short distance, parallel to 
the head of the rail, and then curved irregularly until it reached the 
foot, 40 cm. from the end of the rail. It was placed on supports as 
usual and broken. 

Test of the Rail. 

Height of fall, . . 1 m. 1.60 m. 2 m. 2 26 m. 2.60 m. 

Permanent set, . . 2.S mm. 6.7 mm. 12.1 mm. 17 mm. broke. 

The half towards the end which had been broken on the road 
was now placed between supports and broken. 

Height of fall, . . . 1 m. 1.50 m. 2 m. 2.26 m. 2.60 m. 

Permanent set, . . 2.9 mm. 6.7 m. 12.9 mm. 19.6 mm. broke. 

It will be noticed that the sets in this rail, with the exception of 
the last one, were almost absolutely identical. The rail appeared to 
be uniform throughout. The fracture showed a clear grain, some- 
what larger than the rail from Creusot, with elongated crystals. 
Both pieces of the rail showed a resistance greater than that required 
by the contract, but it is still, however, in general, less than that 
which is shown by most rails which are broken, and less than that of 
the rails ordinarily furnished from Terrenoire. 

It must be seen, as a result of these experiments, that so far as we 
are able to ascertain without chemical analysis, the probable cause 
of the fracture was in these instances improper handling of the rails. 
It certainly was not due to any defect in fulfilling the conditions of 
the contract. 

The following information, with regard to the method of piling 
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rails in Germany, was collected at my request by W. A. Smith, E. M., 
at that time attached to the United States Legation at Berlin : 

konigshutte, in silbsia. 
Fig. 1. 

Dimensions in millimetres. 




Scale of \>i 



210 



a. Fine-grain tough head-plate, rolled out of a package of puddle-bars. 

b. Foot-plate, rolled out of good tough puddle-bars. 

c. Inserted bars, rolled out of good tough puddle-bars. 
d^ d^. Soft fine-grain puddle-bars. 

dd. Ordinary puddle-bars. 

In the finished rail : the head is three times reheated iron, the 
web is once reheated iron, the foot is twice reheated iron. 

These works guarantee the rails for three years on levels over 
which not more than 16,000 axles pass daily. 

The package is heated, hammered under a 4.5-ton hammer, again 
heated, and rolled out to the finished rail. These rails are guaran- 
teed for five years, provided not more than 16,000 axles daily pass 
over them. Rails with a fine-grained iron head are guaranteed for 
four years under the same conditions. 

To form the head-plate a in Fig. 3, the package Fig. 2 is used. 
This is made of the best sorted puddle-bars, the side-plates — shaded 
in Fig. 3 — being of once reheated iron rolled into the above form. 
In the head-plate, the longer edges of the original puddle-bars are 
placed vertically. The package Fig. 2 is heated, hammered under a 
6-ton steam-hammer, and rolled out to a. Fig. 3. In Fig. 3, the 
plates b b are of once reheated good iron. This package. Fig. 3, is 
heated, hammered under a 6-ton steam-hammer, again heated, and 



INVESTIGATIONS ON IRON AND STEEL RAILS. 



26 



rolled out to the finished rail. These rails are guaranteed for three 
years in Germany only. 

In case the head is of steel, the package is made in the same way. 



GnTEHOFrBDNOSHlTTTB AT StBRKBADB 

Fig. 2. 



SctleorK. 

Fia. 2, Pnckiige of puddled steel bars which U rolled out to s bar of 0.210 m. 
X0.OT8g to furm the head plate a in Fig. 3. In the package, Fig. S, and in the 
flnished rail, the longer sides of the Beclions of puddle-bars would occupy n 
vertical position. 

Fia. 3. a Steel head-plate, rolled out of puddled steel bars. 

b. Twice reheated tough iron. 

c. Puddle-bare. 

The head-plate is rolled out of puddled steel bars ; and, to secure a 
good weld, the bars ec, are of fine-grain puddled iron. The rails 
are guaranteed for five years in Germany only. 

The shaded loupe-bars are of puddled steel, the others of tough 
iron. For the better formation of the foot of the rail, the bars b b, 
are of reheated tough iron. The pack^e is twice heated and ham- 
mered under a 6-ton steam-hammer, is again heated and rolled out 
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to the finished rail. After the second hammering, the package has 
a cross section of 0.183 X 0.183 m. These rails are guaranteed for 
five years, provided they are not used about stations or on grades of 
1.6 or above. 

To form the head-plate a in Fig. 5, the package Fig. 4 is used. 
This is made of the best sorted puddle-bars, the side- plates, — shaded 
in Fig. 4, — being of once reheated iron rolled into the above form. 

Phonix Eisenhutten-Gesellschaft near Buhrort on the Ehins. 
Fig. 4. Fig. 5. 

Dimensions in millimetres. 
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In the head-plate the longer edges of the orginal puddle-bars are 
placed vertically. The package Fig. 4 is heated, hammered under 
a 6-ton steam-hammer, and rolled out to a. Fig. 5. In Fig. 5, the 
plates 6 h are of once reheated good iron. This package. Fig. 6, 
is heated, hammered under a 6-ton steam-hammer, again heated, and 
rolled out to the finished rail. These rails are guaranteed for three 
years in Germany only. 

In case the head is of steel, the package is made in the same way. 
The head-plate is rolled out of puddled steel bars ; and to secure a 
good weld, the bars c c are of fine-grain puddled iron. These rails 
are guaranteed for five years in Germany only. 
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HoERDER Berqwerks- und Hutten Yerein, Westphalia. 

Fia. 6. 

Dimensions in millimetres. 
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The shaded loupe-bars are of puddled steel ; the others of tough 
iron. For the better formation of the foot of the rail, the bars a a 
are of reheated tough iron. The package is twice heated and ham- 
mered under a 6-ton steam-hammer, is again heated and rolled out 
to the finished rail. 

After the second hammering the package has a cross-section of 
0.183 m. X 0.183 m. These rails are guaranteed for five years, pro- 
vided they are not used about stations or on grades of 1.6 or above. 

As it is important to ascertain the cause of fracture, in order to 
avoid it, I made an effort to get from all the roads a complete his- 
tory of rails broken, as far as it was possible, and also to collect the 
records of the mean temperature of the month and year, and other 
details as to whether the rail was broken on the inside or outside of 
a curve of a given radius, or by a train going up or down a grade. 
Such a history was compiled for me by the Paris and Lyons Rail- 
road, for three of its auxiliary lines, month for month, for the years 
1869, 1870, 1871, and 1872, and merits a most careful and attentive 
study. The first and third of these roads used the iron double- 
headed rails, exclusively, up to the year 1872, when the Geneva line 
commenced by putting down 15^ kilometres of steel rails. The 
Tarascon line has used them since 1869, in small quantities at first, 
but gradually increasing them until, in 1872, there were twenty-one 
kilometres of steel rails on the line of the road. The St. Germain 
line had not used steel rails up to 1872. 
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StcUistics of Rails broken per month on three of the Auxiliary Lines of 

the Lyons Railroad. 
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Note. — D. C. signifies double-headed rail. Y. signifies American rail. 
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Statistics of Rails broken per month on three of the Auxiliary Lines of 

the Lyons Railroad. 

Line from Tarascon to Cette. — Continued. 
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Note.— D. C. signifies double-headed rail. V. signifies American rail. 
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RecapihUation of Hails broken per year on. ihe Auxiliary Lines of thfi 
Paris and Lyons Railway. 
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* Aa the road Is composed of tiro traoka each rail aupporla odIj half thv tODDagfl- 

The following table shows the relative proportions of the different 
iron and steel rails laid down on these lines, and the relative pro- 
portions of iron rails broken in the four cold months, as compared 
with the eight others. It is remarkable to see, in this table, how 
much better the American rail resists than the double-headed. 

The line from Amberieu to Geneva has in plan no curve with a 
radius inferior to 400 m., and in profile it has no elevation which 
exceeds 0.013. This line, therefore, represents the mean of the 
lines of large curves and small inclinations, and lines of large curves 
and great inclination. 

It is traversed by two expresses daily, that of Geneva and that of 
Italy, which go at the rate of 50 to 55 km. per hour, and frequently 
at as high a speed as 75 to 82 km. The traffic is very great. 
Throughout the length of this line there is a very great variation 
in temperature in the different seasons. In summer, the tempera- 
ture is 35° C. = 95° F., and the greatest cold of winter is — 18° C. 
= 0°F. 
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The line from Tarascon to Cette is one of the lines of large curves 
and small inclinations. The speed is the same as for the Geneva 
line, but the quick trains are heavier. The traffic is great, though 
not as great as on the Geneva line. The temperature is rather hoi 
than otherwise, and there is no very great amount of cold. 

The line from St. Germain-des-Fo&ses to Brioude has a great many- 
curves, a very large number of which have a radius inferior to 
400 m., several of them below 300 m. The maximum inclination 
is not over 0.010. The least speed is generally 40 km. the hour, and 
the greatest is accidentally 60 km. The traffic is less than that 
upon the previous line ; but about the same as that of the Geneva 
line. The temperature varies from 35° C. = 95° F. to —10° C. = 
14° F. 

It will be seen by the table given below that on the Geneva line, 
where the greatest cold occurs, by far the greater portion of the 
rails were broken, during the four years, in the months of January, 
February, and December ; that on the St. Germain line, where the 
next lowest temperature occurs, they were broken in November and 
December; while on the line where the temperature is about equal, 
they were broken in January and December ; or, in general, that 
the cold months are those in which the greatest number of fractures 
occur. 

Reeapitvlation of the number of Rails broken per month on the 
Auxiliary Lines of the Lyons Railroad. 
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The same results are shown by the statistics which were collected 
for me by the Orleans Company for the years 1864 to 1872, which 
show as to the mean of all the years, that the greatest number of 
rails broken was in January, and that about the same number were 
broken in the months of February and December, March and No- 
vember, and April and October. It then seems to increase in May, 
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to diminish in June, to increase in July, then suddenly to fall in 
August, to gradually increase again to its maximum in January. 

Iron RaiU broheUj per monthy on the Principal Roads on the Lines of 
the Orleans Ckyinpany of France during the years 1864 to 1872 : 



• 


Lengths 
of the 

principal 
lines. 

Kilom. 


Number ot' Bails broken during the months of 


Total. 


Proportion of 
rails broken 
to the 100 kilo- 
metres of road. 


Years. 


• 

u 
cS 

S 
fl 
ei 
►^ 

113 
123 
110 
151 
153 
105 
123 
226 
248 
150 


g 

1 

94 
116 

86 
109 
126 

97 
132 
128 
169 
118 


• 

2 

1^ 

72 
111 

91 
111 
126 
101 

96 
145 
166 
113 


• 

•c 

61 
79 
74 

102 
96 
80 
72 
92 

102 
84 


68 
49 
66 
80 
57 
65 
62 
52 
91 
65 


• 

d 
►^ 

45 
42 
52 
77 
35 
54 
32 
83 
61 
54 


• 

i-» 

45 
24 
51 
60 
38 
50 
37 
54 
46 
45 


1 

< 

50 
33 
50 
63 
56 
41 
34 
61 
48 
48 


63 
25 
48 
59 
45 
54 
35 
73 
47 
49 


1 

54 
60 
95 
88 
62 
77 
69 
139 
88 
81 


• 

► 

1 

98 

83 

101 

84 

78 

98 

130 

176 

127 

108 


• 

77 
99 
125 
121 
98 
127 
104 
161 
140 
117 


1864 
1865 
1866 
1867 
1868 
1869 
1870 
1871 
1872 
Mean. 


3,343 
4,016 
4,265 
4.538 
4,796 
5,018 
5,241 
5,297 
5,380 
4,710 


820 

844 

949 

1,1 a5 

970 

949 

926 

1,390 

1,333 

1,032 


21.3 
21.0 
22.2 
24.3 
20.2 
18.9 
17.6 
26.2 
24.7 
21.9 



The following statistics were collected, at my request, with refer- 
ence to two double-headed iron rails, No. 1 and No. 2, which were 
broken on the Lyons Kailroad, sections of which were prepared for 
etching and were to have been examined. They are exceedingly in- 
teresting, as No. 1 shows an unusual life, though not so great as the 
life of some of the Belgian rails cited further on. The tonnage 
passed over it, however, was not equal to that required by the 
Northern Railroad for the best iron rails. No. 2 did not last so 
long as No. 1, but still much longer than the ordinary iron rail. 
The amount of tonnage which passed over it is very small. Rail 
No. 1 was 13 cm. high, 6 cm. in its widest part, and 20 mm. in the 
body of the rail. It weighed 37.50 kgs. per m. It was made at St. 
Jacques, Montlu^on, was laid in December, 1862, and was broken 
January 12th, 1874. It was therefore 11 years and some days old. 
It was placed upon a straight line with an incline of 0.004. 

The total amount of tonnage which passed over it, wais 16,761,677 
tons, as is shown year by year in the following table : 



* 


Rail No. 1. 




Year. 


Tons. Year. 


Tons. 


1863,. 


. 1,516,680 


1869, . 


. 1,665,115 


1864, . 


. 1,418,820 


1870, . 


768,658 


1865, . 


. 1,367,650 


1871,. 


. 1,767,651 


1866,. 


. 1,368,210 


1872, . 


. 1,856,881 


1867,. 


. 1,436,785 


1873,. 


. 1,952,948 


1868, . 


. 1,547,678 


1874, . 


125,676 



8,644,818 



Total, 



16,761,677 
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Rail No. 2 was 13.24 cm. high, 6 cm. in its widest part, and 18 
mm. in the body of the rail, and weighed 36 kg. the metre. It was 
made at Fouchanbault, in March, 1868, and broken in July, 1873, 
after having been five years and two months in use. It was on a 
straight line with an incline 0.003, and the total tonnage which 
passed over it was 2,647,433 tons, as is shown year by year in the 
following table : 



RaU No. 2. 



Year. 

1868, 

1869, 

1870, 

1871, 



Tons. 

338,407 
631,952 
527,050 
506,746 



Year. 

1872, . 

1873, . 

Total, . 



Tods. 
480,683 
262,695 

2,647,433 



The Central Railroad of Belgium, is 591 kms. in length, and uses 
six different kinds of rails, whose weight, and the number of kilo- 
metres used of each, is given in the table below. 



Kind of rail. 



Double- headed, with each head alike, 

(( (( tl H II (( 



(( 



American rail, 



'< heads of different size, 










Lengths laid down 
in kilometres. 



18 
153 

89 
252 

76 
3 



Besides this there are 141 kilometres, not included in the above, 
on side tracks and switches. It is found every year, as will be seen 
by the table, that the quality, or rather the power of resistance of 
iron rails decreases, which may be due in part to increase in traffic. 
On this road the iron rails are usually guaranteed for three years. 
There were, consequently, in 1870, the rails furnished by the con- 
tracts of 1867-68-69 to be examined. The following table gives the 
result of this examination of the rails, made for the year 1870 : 



Year the rail 
was fiDished. 


Years of 
wear. 


Rails rejected 

on Contract 

No. 1. 


Rails rejected 

on Contract 

No. 2. 


Rails rejected 

on Contract 

No. 3. 


Mean for the 
year. 


1867 
1868 
1869 


3 
2 

1 


*10.63 per ct 
t31.26 " 
*2.76 *» 


*31.22perct. 
*42 28 ** 
*3.33 " 


' to'89 * 


13.89 per ct. 
34.39 ** 
2.88 " 



* Hammered. 



t Rolled 



X Steel 
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The contract No. 3, for the year 1869, was for Bessemer steel rails, 
which are guaranteed for seven years, and had six yeara yet to run. 
It shows an exceedingly small proportion of rejected rails. The 
contracts No. 1 and 2, for all the years, were for iron rails. The 
guarantee for iron rails is for three years, but in order to ascertain 
exactly how the rails wear out, the revision is made every year, and 
kept up each year after the term of guarantee expires. The follow- 
ing table gives the results of the revision of iron rails made in 1870, 
for each year from 1865 to 1869 : 

Situation of Iron Rails, guaranteed for three years, on the Grand 
Central Railway of Belgium, in the year 1869. 



Year the 


Number of 


rail was 


years of 


laid. 


service. 


1865 


5 


1866 


4 


1867 


8 


1868 


2 


1869 


1 



Percentage of 
rails taken up. 



58.92 

43 99 

2.55 

6.15 

0.29 



Percentage of 
rails damaged. 



18.62 
20.79 
11.34 
28.24 
2.69 



Total percentage 

of rails taken up 

or damaged. 



77.54 
64 78 
18.87 
84.39 
2 88 



Percentage of ^ood 
rails remaining 
upon the road. 



22.46 
85.V52 
86.11 
65.61 
97.12 



Comparing these figures with those found as a result of the re- 
vision of 1869, the following result was found for the year 1870 : 

Situati<m of Iron Rails, guaranteed for three years, on the Gh*and 
Central Railway of Belgium, in the year 1870. 



Year the 

rail was 

laid. 


Number of 
years of 
service. 


Percentage of 
rails taken up. 


Percentage of 
rails damaged. 


Total percentage 

of rails taken up 

or damaged. 


Percentage of good 
rails remaining 
upon the road. 


1865 
1866 
1867 
1868 


6 
5 
4 
8 


17.77 

36.20 

1.88 

5.00 


8.25 

6.66 

8 61 

17.68 


26 02 
42.86 
10.49 
22.58 


78 98 
57 14 
89 51 

77.42 



The revision of the rails laid down in 1867, at the expiration of 
the three years' guarantee, gave very different results for the two 
works which furnished the iron rails, as is seen by the table, the 
one giving a loss of 31.22 per cent., and the others a loss of 10.63 
per cent. The first of these are rails which were rolled, while the 
others were hammered. Of the 10.63 per cent, rejected of the ham- 
mered rails, there were only 1.37 per cent, which required to be re- 
moved from the road-bed. The other 9.26 per cent., although re- 
jected, did not need to be taken up. They can still be used for a 
long time on the road. The greatest confidence in these hammered 
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iron rails is expressed by the Belgian engineers, as being far superior 
to any of those which are rolled. 

Of those which were laid upon metallic ties, at the end of three 
years' service, there were only 2.49 per cent, rejected, and not a 
single one of these was taken off the road. Of those which were 
laid upon ordinary ties of wood, there were 12.44 per cent, rejected, 
of which 1.76 per cent, had to be taken off the road altogether. As 
these rails are placed in positions which are identical, and were made 
by the same works, the difference in wear can only be attributed to 
the greater stability of the road-bed due to the use of metallic ties. 

The results of the examination of the rails laid in 1868, after 
being down two years, are very bad, but this was expected, as they 
showed very bad wear, after one year's use, resulting from very- 
defective manufacture. This defect having been remedied, the ham- 
mered rails for 1869 showed only 2.76 per cent., and 3.33 per cent, 
rejected, or for the year only 3 per cent.; of which only 0.30 per 
cent, were removed from the road-bed. Whatever may be said in 
favor of these hammered rails, they are not to be compared with 
Bessemer steel rails, which after one year of use showed only 0.89 
per cent, of rejected rails, not one of which had to be taken up. Tt 
will also be seen by the tables, that the number of rails taken up 
relatively to those which are damaged, increases very rapidly from 
year to year. Thus after one year, about 10 per cent. ; after two 
years, 18 per cent. ; after three years, 18 per cent. ; after four years, 
19 per cent. ; and after five years, 79 per cent, of the damaged rails 
remaining on the road were taken up. It will be seen by these 
tables, that there remained upon the road-bed, in 1870, only 22 to 
35 per cent, of the rails laid down in 1865 and 1866, that is to say, 
that the life of these iron rails was only four or five years. These 
facts, taken in connection with the results shown in all the compara- 
tive tests between iron and steel rails, seem to show that it is extrava- 
gant to use iron rails under any conditions. 

The Belgian engineers speak in the highest terms of metallic ties, 
and were making a great many experiments upon the subject, the 
results of which have not reached me. They were tried extensively 
in Germany, and I was informed by the engineers at Krupp's works 
that they had definitely abandoned the use of wooden ties. I noticed, 
in 1873, that some of the German roads near the French frontier, 
which had commenced to use them, had taken them up, but I could 
not ascertain the cause. 

I am indebted to Mr. G. Schorn, Government Engineer of Mines 
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at Li^ge, Belgium, for the following statistics with regard to the life 
of iron rails on the stat« railways of Belgium, for the year 1869. 
These statistics are particularly interesting, since they give not only 
the life of the rails but the total amount of passenger and freight 
traffic over the road for the year. It is, however, always a vicious 
practice, to give the life of a rail in years, for this does not necessarily 
signify anything, for it is evident that a rail may be laid in some 
part of the road where there is not much traffic, and consequently 
may last indefinitely. The only proper way to express the life of a 
rail, is by the number of tons traffic which has passed over it. 

The rails which are used on the state railways of Belgium are of 
five kinds ; two kinds of X"raiJs, two kinds of double-headed rails, 
and the ordinary American rail. The f'^ails are of iron, and have 
the stem below the head, either undulated or straight, and are laid 
in cast-iron chairs, which support nearly the whole of the vertical 
part of the T* These T'^^^ils were the first kind of rails ever 
manufactured, and as they were made at a time when cheap rails 
were not so much sought for as now, it is not at all surprising to see 
that they have a life which no rail made in modern times has ever 
yet attained, though it is quite probable that the steel rails will out- 
last them. Such rails as these w^ere formerly used in this country, 
and have given results quite similar to these which are given abroad. 

The double-headed rails are either symmetrical, or not symmet- 
rical. The fifth kind of rail is of the ordinary American pattern, 
which they had commenced to use eight years previous. These 
rails are laid upon ties which are 0.90 m. apart, that is to say, there 
are 1760 ties for an English mile, instead of 2640 ties, as is com- 
monly the case in the United States. 

The following table gives the weight, per metre, of these different 
rails : 

Weighty per metre, of the Different Rails used on the State Railways 

of Belgium, in 1869. 

■f- rails with a curved stom, 19 to 22 kil. 

Tf-rails with a straight stem, 25 to 27 " 

Double-headed rails with symmetrical heads, . • . 38.6 " 

Double-headed rails with dissimilar heads, ... 84 «* 

Ordinary American rail, 87 '* 

The following table gives the number of passengers, first, second, 
and third class, carried by express, ordinary, and special trains over 
the road, showing a total traffic, over a road 863 km. in length, of 
13,500,000 passengers : 



• 4 
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Passenger Traffic on the State Railways of Belgium for the year 1869. 

Total Length of the Road, 862,666 km. 

Number of Passengers Carried during the Year. 

r First class, . 
By Express trains, -j Second class, . 

V Third class, . 

{First class, . 
Second class, . 
Third class, . 
i- Children, 
By Special trains, -j Soldiers, 

I Civilians, 

13,677,016 





383,749 ^ 
353,841 I 
670,291 i 






1,407,881 








654,681 ] 
. 1,664,238 r 
. 9,684,769 ' 






11,803,682 








136,496 \ 
. 109,698 \ 
. 120,366 ) 






366,453 







The following table gives the total quantity of freight carried over 
the same road, for the same year : 

Quantity of Freight carried during the year 1869, on fAe State Rail- 
ways of Belgium. 

First class, 382,790 tons. 

Second class, 414,280 

Third class, 546,296 

Fourth class, 1,724,911 

Special freight, 780,037 

Freight transported at a reduced price, .... 96,103 

Freight by contract, 78,000 



Total, 

Smallest quantity sent Hi any one time, . 



4,021,417 
103,172 



The following table shows the entire distance, in kilometres, which 
every kind of train traversed : 



Distance traversed by every Class of Trains during the year 1869, on 

the State Railways of Belgium. . 



{Ordinary, 
Express, . 
Special, . 
/ Special, . 
I Ordinary, 

Total, . 



Freight trains, 



8,880,866 km. 
1,146,010 
43,126 
296,946 " 



m. -v 

:: 



6,069,001 



4,274,080 it / ' ' 



9,638,977 
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The following table gives the number of kilometres of traflSc, 
which the rails, taken up from the road, supported. It is very in- 
teresting to notice, in this table, that the service of the rail gradually 
increases up to thirteen years, and then gradually diminishes, until 
it amounts to almost nothing ; but even this life of thirteen years is 
most extraordinary for an iron rail, even though the amount of ser- 
vice, during this time, should not have been so very high. The 
number of tons carried over each rail is wanting. It is, however, 
necessary for the proper interpretation of the table, although sup- 
posing the service of the rails to have been the same in all cases, as 
it undoubtedly was, a relative view of the life of the rails is shown 
in it : 



Wear of Hails taken up from the State Railways of Belgium in 1869. 



Number of years 


Length of rails in 


Number of years of 


Length of rails in 


of service. 


metres. 


service. 


metres. 


i 


1,363 


16 


238,937 


1 


4,417 


17 


299,186 


2 


11,128 


18 


205,542 


8 


9,703 


19 


144,302 


4 


29,397 


20 


75,007 


5 


67,803 


21 


40,454 


6 


125,278 


22 


17,668 


7 


95,051 


23 


23,432 


8 


120,999 


24 


21,050 


9 


143,272 


26 


8,697 


10 


171,638 


26 


5,709 


11 


854,804 


27 


3,384 


12 


403,159 


28 


3,653 


13 


496,419 


29 


1,401 


14 


417,292 


30 


919 


16 


333,261 


31 


1,194 




Total, 




3,870,518 



The following table gives the service already rendered by the 
rails remaining upon the road. The increase is much less regular 
than in the previous table, although it is very noticeable, that after 
thirteen years it diminished, though not so regularly as in the former 
case. 
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Wear of the Rails remaining on the State Railways of Belgium in 1869. 



Number of yoars 


Len^h of rails in 


Number of years of 


Length of rails in 


of service. 


metres. 


service. 


metres. 


i 


297,224 


16 


56,270 


1 


288,834 


17 


65,764 


2 


621,404 


18 


8,932 


8 


491,198 


19 


6,234 


4 


233,933 


'20 


87,991 


6 


176,004 ' 


21 


8,134 


6 


196,380 


22 


213 


7 


232,924 


23 


29,266 


8 


196,908 


24 


1,000 


9 


167,539 


26 


320 


10 


143,842 


26 


816 


11 


120,027 


27 


8,262 


12 


204,048 


28 


1,121 


13 


465,107 


29 


1,121 


14 


219,366 


80 


1,744 


16 


98,796 


81 


10,009 


t 


Total, 




4,878,607 



The following table gives the mean life of the rails taken up from 
the road, and shows the very remarkable result, that the old-fashioned 
"T-rail and the double-headed rails, with unequal heads, have a life 
of 13 years. This applies, however, to rails manufactured when 
quality was more sought for than quantity, and we see immediately 
in the modern rails a diminution in life of from J to f . The same 
superiority in the American rail being remarked that has been 
noticed elsewhere : 



Mean Life of Rails taken up from the State Railways of Belgium^ 

in the year 1869. 



Years. 

T-rails with a curved stem, 13 

■f -rails with a straight stem, .... l-^J 
Double-headed rails with dissimilar heads, . . 13J 
Double-headed rails with symmetrical heads, . 4J 
Ordinary American rails, Q^j ^ 



Mean life, the length 
of each particular 
kind of rail being 
taken into consid- 
eration, 13J. 



The following table gives the life of the rails remaining upon the 
road in the year 1869, and gives the same extraordinary results for 
the X"^^^s, and shows the great economy of making a first-rate 
article. For the first-class these rails have attained the extraordi- 
nary life of 23J years. 
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Life of the Rails remaining on the State Railways of Belgium, 

in 1869. 



Tf -rails with a curved stem, .... 
T-rails with a straight stem, 
Double-headed rails with dissimilar heads, . 
Double-headed rails with symmetrical heads, 
Ordinary American rail, .... 



Years. 
28J • 

20A 
^ 


Mean life, the length 
of each particular 
kind of rail being 
taken into consid- 


8J J 


eration, T^. 



I was particularly struck with the importance attached in France, 
to having no repairs of any kind done to the rails by the manufac- 
turer. The conditions of the contract are such that it is contrary to 
his interest to make them, or to attempt to conceal in any way any 
defects. I had seen so much of this kind of repair done in Ger- 
many and elsewhere, but particularly in Germany, that this condi- 
tion attracted my special attention. In one of the German works, 
the engineer who accompanied me, pointed out with special pride 
the skill with which they were able to putty up defects, and stated 
to me that the composition and method of doing it was a secret, and 
that special workmen only could do it. The defects were certainly 
thoroughly concealed, and it required very close inspection to discover 
cracks which had been cut out with a hammer and chisel, or with a 
file, and filled up with the composition, and there was very little 
probability that they would be discovered, even if they were sought 
for in the inspection. But it is very much like trying to cure the 
symptoms without attacking . the disease. In other works, both in 
this country and in Europe, no attempt whatever is made to conceal, 
nor apparently to prevent, these defects, and I have seen very large 
piles of rails ready for delivery, not a single one of which, so far as I 
could discover, was without what appeared to be serious defects in 
the flange. These rails were besides cut, punched, and nicked, cold. 
I do not know where they were laid, but I was quite prepared to 
hear from a large railway house that the life of certain rails, which 
laid on an ordinary road-bed without accidents or unusual wear, did 
not exceed 18 months. 

Almost all the companies in Europe have rail repair shops for 
iron rails, and very ingenious machinery, which is usually copied 
from American works, and often conducted by Americans. In these 
works, defective rails removed from the road-bed are repaired. It 
is evident that the companies have a great advantage in doing this, 
since in most cases, rails which are only damaged, remain the prop- 
erty of the company, but must be paid for by the manufacturer, 
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under the stipulations agreed upon in the contract. These repairs 
usually consist in putting in pieces, to fill out the rail where it has 
been damaged. In most cases these pieces are put into the head at 
the ends of the rail, but they sometimes require to be put in the 
head in the middle of the rail, and occasionally any other parts are 
replaced in the same way. The furnaces used for doing this work 
are so constructed, that the rail may be heated in any part indepen- 
dently of the other. The pieces to be put in are fastened with strong 
wire to the rail, which is then heated at that point, and passed through 
rolls so adjusted, that they may bear only on the point heated. This 
requires very great skill in the workmen, much more skill than time. 
When the ends are pierced, the pile is arranged in such a way as to 
make the rail too long, and it is afterwards cut to length, in order 
to have a perfect end. When the rails are not badly damaged, and 
are properly repaired, they look well, and can be very profitably 
used on turnouts or any other part of the road where they are not 
exposed to very great wear. Steel rails are never repaired, for the 
only accidents that ever happen to them is breakage, and then they 
are replaced by the manufacturer. 

Steel rails have, of late years, been very generally adopted by the 
leading companies of this country and Europe. The fears expressed 
with regard to their not being able to resist the influence of the 
climate of this country, have proved to have been entirely ground- 
less. The Central Railroad of Belgium commenced to use them in 
1869, in the part of their road where no iron rails stood the test, 
with the most satisfactory results. It was at first feared that the 
steel rails would become rapidly polished, and that the locomotive 
would, consequently, have less adherence, and that the brakes would 
necessarily act less perfectly ; but all these fears were proved to be 
without foundation, though steel rails do certainly become polished 
much more rapidly than iron. 

The Northern Railway of France adopted, in 1873, a steel rail of 
the American pattern, which weighed 30 kgs. per m., made at Terre- 
noire and at Creusot. The normal length of this rail is 8 m., but 
in order to facilitate the manufacture lengths of 5, 6, and 7 m., are 
also admitted. The strength of this rail, in comparison with the 
types of all the rails in use on the principal roa<ls of Europe, is 
shown in the table below. The limit of force exercised on the 
fibres of the top of the head of the steel rail, of 30 kgs., and the iron 

one of 37 kgs., when new, are represented for the steel rails by ^ = 

7.742, and for the iron by ^ = 7.012. The ratio of these two 
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values is J-^ = 1.104. For the base of the foot, the forces are 

7981 for steel and 6472 for iron, whose ratio is ^^ = 1.233. 

If these same forces are calculated for the steel rail nearly worn 

out, and the new iron rail, the ratios are found to be ^^^ = 1882 

for the head, and g^ = 1406 for the foot. For the new rail the 

greatest increase of force is less than 0.25 of the primitive values, and 
for the steel rail worn as far as it can be used, the greatest increase 
of the interior force, with regard to those of a new iron rail, is less 
than the 0.041th part of the primitive values. The limits of elas- 
ticity of steel are, however, double that of iron, so that the steel rail 
which is worn out, or has arrived at the limit of greatest wear, is 
still stronger than a new iron rail. These figures apply to the 
charge supposed to be at rest on the rails. If the charge is supposed 
in motion, it is found that the forces are increased only 0.264 for 
new steel rails, while for iron rails they are increased 0.301, and 
that when the steel rail has arrived at its maximum use, it is only 
0.34 ; so that, notwithstanding its light weight, the steel is better 
than the iron rail. For the resistance to friction it is found that if 
T represents the force tending to cut it, s = 743 T for the steel rail 
of 30 kg. and s = 662 T for the iron. This increase is, however, 
fully compensated by the increased resistance of the steel, as the in- 
creased strain does not exceed, in effective force, more than 5 kg. per 
square millimetre. 

Investigations, made by the Northern Railroad of France, with 
regard to the life of steel rails, show that the period, though very 
variable, unlike iron rails, depends directly upon the amount of 
weight carried over them. It has been ascertained that the steel 
rails wear out slowly in parallel layers, while iron rails deteriorate 
very rapidly, and are worn out before they have lost any very great 
amount of their weight by wear. In order to ascertain exactly what 
the wear is, a cast in plaster of the rail before it is laid down is 
taken, and after a certain number of million tons have passed over 
it, it is taken up and another cast is taken. The difference is then 
measured and gives the wear of the rail, per million tons, in milli- 
metres. It has been found, after some years of experiment, that the 
very best iron rails do not last on this line for a circulation of over 
20,000,000 tons, while ordinary iron rails will not last for over 
14,000,000. All the experiments, however, show that steel rails 
wear uniformly a millimetre for a circulation of 20,000,000 tons, 
and as the rails now in use are calculated for a wear of 10 millime- 
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tres, we can suppose, accidents being left oat of consideration, that 
the steel rail will not wear out before 200,000,000 tons have passed 
over it, that is to say, that the ordinary steel rail is ten times better 
than the best iron rail. 

The temperature at which the steel rails are finished, has, of 
course, a great deal to do with its strength, and consequently with 
its life, and too little attention has been given to this subject. A 
great many experiments made with the object of comparing the two 
kinds of rails have shown, that in all the experiments on pressure, 
iron rails preserve a very appreciable permanent set, as soon as the 
compression attains 17 or 18 kgs. per square mm., while in steel rails 
this deformation does not commence until about 38 kgs. In the ex- 
periments upon direct traction, iron rails of good quality have a 
resistance of between 28 and 36 kgs. per square mm. Steel rails 
have a resistance between 65 and 70. 

In the experiments upon shock, iron rails do not resist a force 
greater than 400 kilogram metres, while for steel rails this resistance 
is about 900 km. Another great advantage of steel over iron rails 
is, that as they are made of a homogeneous material, when they are 
worn out, they are worth the full value of the steel contained, as 
steel to be remelted, while the iron of old rails not being homoge- 
neous, but being composed of materials which are essentially differ- 
ent, more especially when the head has been made of iron containing 
phosphorus, is worth but little. The conditions of the contracts 
however, are generally such as to preclude the use of old iron rails, 
in any quantity, in the packages for the new ones. 

The substitution of steel rails for irpn, in France, has corresponded 
at once to a very considerable economy in the care of the road, at 
the same time that it gives greater resistance and security. For all 
these reasons the Northern Railway of France has adopted the steel 
rail of 30 k.* 

These rails are not only stronger and better, but are actually 
cheaper, metre for metre, than the old iron ones of 37 kg. were, as 
shown by the table on the next page. 

It is more than probable that the same results will hold good 
elsewhere. In this country, such a result would diminish the ex- 
penses for repair of the road, by increasing the life of the rails, 
so as in some cases to make it possible to run roads, now working 

* This rail is made heavier than the steel rail usually adopted in the United 
States, which is 27 k. In Turkey for the main lines they use a steel rail of 25 k. 
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Comparison of the cost price of a kilometre of road laid with Iron 
Rails ofZl kilogrammes y and of Steel Rails of 30 Jcilogramm£8. 



Rails, 

Fish-plates, .... 

Bolts, 

Screws, 

Wedges for rail ends, . 

Ties, 

Care of the road, trans- 
portation , cost of stor- 
age, which is 35 francs 
the ton of iron or for 

Cost of a kilometre of 
single. track, . . . 

Excess of the cost of 
iron over the steel, per 
kilometre, .... 



Or per metre in round 
numbers, . . . . 



Iron rails of 37 kilogrammes. 



Quantities 



Tons. 

74. 

3.20 
.662 

1.686 
.032 

1.167 



79.470 



Price. 



Francs. 
350 
350 
530 
660 
578 
5 



35 



Cost. 



Francs. 
25,900. 
1,120. 

297.86 
1,095.25 
18.50 
5,835. 



2,781.76 



37,048.37 



Steel rails of 30 kilogrammes. 



Quantities 



Tons. 
60. 
2.325 

.420 
1.580 

.024 
1.125 



64.349 



Price. 



Francs. 
420 
350 
530 
650 
578 
5 



35 



Cost. 



Francs. 
25,200 
813.76 
222.60 
1,027. 

13.87 
5,626. 



2.252.21 



35,154.43 

1,893.94 
1.90 



either without profit, or at a loss, and it is very desirable that 
statistics should be collected on this subject. 

In changing the weight of the steel rail on the Northern Rail- 
road it was necessary to take into account, that there were a large 
number of old iron rails still in use upon the road, and it was 
therefore desirable to make the steel rail of 30 k. of the same 
height as the old iron rail which weighed 37 k. Taking this as a 
starting-point, it was necessary to make the head of the rail as 
large as possible, and to reduce its body and the width of the 
foot as much as would be safe, in order to have the greatest amount 
of material in the head, as upon the depth of this part of the rail, 
other things being equal, its life depends, since steel rails wear out 
proportionately to the amount of traffic. That this has been done 
wisely, is shown by the wear of the rail on the road, and by the 
following table prepared by the Northern Railroad for the purpose 
of instituting a comparison between the rails of this road and those 
in use upon all the principal roads of Europe. It shows a number 
of very interesting comparative results. 

The steel rail of 30 kgs. adopted by the Northern Railroad, is sup- 
ported at 9 points. Near its joints the supports are 60 cm. apart, 
next to these 90 cm., and at all other places one metre. They are 
all fished, the holes for which are 0.024 m. in diameter, and are 
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bored. They are placed directly upon the ties, in places which are 
cut out for them, and are fixed by two spikes of galvanized iron for 
the intermediate ties, and with four for the joints. In order that 
the spikes shall not split the ties at the ends of the rails, they are 
not placed opposite to one another. Particular instructions are 
given, that every care shall be taken that the spikes shall not be 
placed in any pre-existing crack in the tie, nor in such a way, that 
they will interfere with spikes placed against the end of the rail. 
These spikes or wedges, are placed at one end of the rail, only to 
prevent it from slipping, leaving the other extremity free for move- 
ments of dilatation. To avoid the tendency of the rail, in all soft 
wood, to shove the outside spike, a cast-iron ring 2.50 cm. in thick- 
ness, with several projections on its outside diameter, is let into the 
tie, and the spike is driven through it, care being taken that there 
shall be at least 4 mm. between the upper part of the ring and the 
lower part of the rail. They are now trying the experiment of not 
placing the ends of the rails upon the same ties, but either on the 
next, or on a tie at some distance, so that the joint on one side of the 
track, will be either opposite a point near the end, or the middle of 
the rails on the other. The result is, that as the shocks due to the 
passage over the joints, are not simultaneous, their action upon the 
movement of the car is much less perceptible, and the road is much 
smoother. This method has not been long under trial, but there 
seems to be a considerable decrease in wear and tear. 

A large series of both iron and steel rail ends, cut off near the 
point of fracture, collected from all the different roads, under vary- 
ing circumstances, were prepared for etching, in order to study how 
far the fracture might have been caused by bad welding, or other 
defects, which entirely escape all ordinary inspection, and to ascer- 
tain whether, in the case of steel rails, there was any concentration 
of material, as has been suggested, near the point of fracture, which 
would tend to make the rail brittle at that point. Very little atten- 
tion is paid to this subject of etching, in tests for iron and steel, 
much less than it deserves. It was hoped that important discoveries 
with regard to the causes of fracture of the rails would be made, 
that many of the points which are now not understood would be 
partially if not wholly explained, by the developments, either of con- 
centrations of impurities, or physical defects, which cannot be made 
visible in any other way. The chemical constitution also of the 
rail is a subject which demands the most serious attention, more 
especially as it is now known that the relative proportions, more 
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than the amoant, of certain substances, influence the strength of both 
iron and steel. Unfortunately the panic of 1873 prevented the exe- 
cution not only of the analyses of the large collections of pieces of 
broken rails made for the purpose, but also all the other chemical 
and physical experiments which had been planned, and for some of 
which instruments had been devised. 

Investigation seems to show that the fracture of almost all the 
broken steel rails started in defects which escaped the observation, 
but which were in the rail when it was laid. These defects, if not 
in the rail when delivered to the company, are generally caused, to 
a very great extent, by the rail being thrown from the car to the 
ground, or by other rough handling. The cases where sound rails 
are broken by the trains are comparatively rare. It is very notice- 
able, that the percentage of steel rails broken soon after they are 
laid, is exceedingly small, and that, up to a certain time afl^r they 
have been down, it seems to increase, and then gradually to be re- 
duced to almost nothing. This is owing to the fact that the fissures 
or cracks which escape observation, require some time to be devel- 
oped sufficient to cause rupture, and that this time having been 
reached, a large number of rails break, and then, after these causes 
cease to operate, the defective rails being for the most part removed, 
the normal wear is shown in the sound' rails that remain. In rails 
broken within six months after they were laid, it is generally easy 
to see that the fracture commenced in a small flaw and propagated 
itself, from the fact that the crack is, more or less, rusted where the 
break commenced. This cannot, however, be verified in all cases, 
because the rail is often allowed to lie for some days beside the track, 
instead of being always taken up and sent immediately to the work- 
shops, although instructions are generally given, that whenever a 
rail is found broken, it shall be transported at once to the nearest 
station, to be sent to the workshops of the headquarters of the road, 
to be tested. 

The holes for the fish-bolts, in rails of any kind, but particularly 
steel rails, should never be punched, as minute fissures are likely to 
be developed in the circumference of the holes ;* nor should they, for 
the same reason, be notched in the flange. It is found that a very 

large percentage of punched and notched rails break shortly afi«r 

« 

* It is asserted that the fissures produced in the circumference of the holes are 
so short, that they can bo entirely removed by subsequently reaming out the 
holes. This saves the expense of drilling, and is now under trial in some of the 
French works. 
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they have been laid. Hence all the roads stipulate that all steel 
rails which are to be fished, should be bored, and that on no ac- 
count should any change in the condition of the rail be made, after 
it has once passed through the rolls, except directly at the ends. 
It has been ascertained, by careftil examination of the facts, that 
careless handling of the rails is one of the most frequent ways in 
which the small fissures, which eventually cause their fracture, are 
produced, and is, consequently, one of the most fruitful causes of 
railway accidents. It is positively forbidden, by most of the French 
railways and manufacturers, ever to throw a rail down, or allow it 
to drop from any height. To discharge it from the car, at least two 
rails are required to be placed as skids, upon which the rails are to 
slide to the gr<tund. They are then to be lifted to the place to which 
they are to go. When rails are being piled up, at the works, these 
skids are a great convenience to the workmen, and they are always 
used ; but, in discharging them from cars, they are not, as it is often 
inconvenient to place them, and whenever the men think that they 
are not watched, they will discharge the rails by throwing them, but 
when this is discovered, it is always punished. 

It is generally in the winter that the largest number of rails are 
broken, and there has been a great deal of speculation, but very few 
experiments with regard to the effect of cold upon the wear of iron 
and steel rails. I had devised a method of making such tests, and 
was to have made a very large series of experiments upon this sub- 
ject, but unfortunately, was prevented. I am inclined to think, how- 
ever, from a preliminary examination of the subject, that the cause 
of fracture is not so much owing to the cold — though both iron and 
steel have a diminished power of resistance, when subjected to great 
cold — as to the fact that the road-bed is entirely frozen and ridged 
during many months at a time. The want of elasticity in the road- 
bed would tend to increase any flaws that might have been started, 
and the shock of the passing trains would have a much greater effect 
upon the rail during the winter than during the summer months, 
when part of the shock is diminished by the elasticity of the road- 
bed. The road-bed is also less capable of inspection in the winter, 
owing to the accumulation of ice and snow, and a crack or flaw com- 
menced, is less likely to be seen, or a broken rail is more likely to 
be kept in its place, for a certain timiB, than in summer, and is there- 
fore less likely to be removed before an accident occurs. I am 
sustained in this opinion by some of the best engineers in Europe. 

It is greatly to be wished that some such tests as I had proposed 



50 INVESTIGATIONS ON IRON AND STEEL RAILS. 

to make, should be carried out by some of our roads, in order that 
this point may be definitely settled, and that we may know exactly 
how far the strength of the rail is diminished by the cold of the 
winter. When this is known it is probable some remedy will be 
found for the greater number of accidents caused by broken rails in 
the winter months. 

In closing this paper, I must express my warmest thanks to the 
Orleans and Lyons Railway Company, of France, whose engineers 
entered heartily into my plans of collecting statistics and specific 
information relating to the broken rails which were sent to me for 
further investigation. To the engineers of the Northern Railroad 
of France, who not only furnished me with a large amount of infor- 
mation, but allowed me to frequently use their shops without charge. 
I can only express to them and to the Institute my very great regret 
that the panic of 1873, which has so seriously affected the whole of 
this country, prevented the investigation from being more than fairly 
commenced in Europe, and did not allow of anything being done in 
this country. 



Mr. John Fritz remarked that the fracture of steel rails was refer- 
able either to abnormal chemical composition or improper mechani- 
cal treatment. Often we have in the chemical composition alone a 
suflScient cause for breakage. It is known that where the amount 
of carbon is high, the amount of silicon and phosphorus must be 
low. He had, for instance, examined two foreign rails of the same 
make which broke in the track. One contained 0.16 per cent, carbon, 
0.087 silicon, and 0.127 phosphorus; the other 0.58 carbon, 0.56 
silicon, and 0.112 phosphorus. They were both forged out to small 
bars, and while the first could be bent double cold, the last broke at 
the first attempt to bend it. But more important, if possible, than 
the chemical composition is the mechanical treatment. All violent 
disturbance of the molecular arrangement of the particles of the 
steel when cold, as in straightening, punching, notching, etc., tends 
to make it brittle. Sandberg has shown that hard steel rails which 
were notched on the flange suffered a loss of strength of 50 to 97 
per cent. — the former where the notch was semicircular, and the 
latter when the notch was square. At the Bethlehem Iron Works, a 
sample ingot is taken from each blow, forged out to a bar about f 
by 1 inch, and bent until the ends meet. From this ingot samples 
are also taken for analysis. A rail from each heat is further sub- 
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jected to a drop test of 2000 pounds falling fifteen feet. When the 
rail is notched or punched, it will sometimes break with a drop of 
one foot. The question naturally arises, Why expend so much care 
on a rail that will stand the fifteen feet drop, and then deliberately 
reduce the strength 90 per cent, or more at each end ? The advan- 
tage in favor of drilling over punching is very marked. Where a 
punched rail will break with a drop of one to two feet, a drilled rail 
will stand eight to ten. Not long since an engine on the Lehigh 
Valley Railroad ran off the track and struck a number of steel rails 
on the sides or flanges. All of these rails broke shortly after in the 
track. With regard to iron rails, it is simply a matter of good iron 
and of dollars and cents. There is no mystery here, and it is not 
worth discussion. 

Mr. W. A. Sweet, of Syracuse, said : While I am neither a manu- 
facturer of steel rails nor a user of them, my experience as a ma- 
nipulator of rail-ends and old rails has given me great and varied 
experience in the breaking of rails, and has led me to conclusions 
perhaps different from any one present. Not having shears suffi- 
ciently strong to cut a steel rail, it has been a study with me to find 
a way to break old steel rails with the least physical labor. I find, 
by arranging the rail as shown in the accompanying sketch, where 
A represents the point of support, B the sledge, and c the position of 




the nick in the flange, the rail is almost invariably broken at the first 
blow. There is a perceptible time, after striking the blow, before 
the suspended end drops off, appearing as if a wave of vibration 
passed to the end and back' again to the point where the flange is cut, 
where it seems to stop suddenly, the wave of vibration appearing to 
me to be arrested and concentrated to that extent that the molecular 
constitution of the metal is destroyed. It may be, however, that the 
vibrations do not go to the end and return, but are arrested in the 
first instance at the point where the nick or dent is made. That it 
is a wave of vibration that causes breaking in steel rails I am fully 
convinced. I do not think that the cutting or punching of the holes 
for the fish-plate bolts would weaken the rail beyond what would be 
produced by the removal of so much metal, provided that the rails 
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had been rolled at the proper temperature when finished. But where 
the ends are allowed to get loose, my opinion is that they break at 
the remote end, after the passage of the last wheel of the train. 

I think if a rail is actually tight in the fish-plate (and but few are), 
there will be no breakage without the cause is on the face of it, as 
by the running off of the cars, or some actual duty too great for their 
strength to bear. 

It is well known that bells are supposed to be made the proper 
shape to throw off vibration, and to continue to do it for years with- 
out breaking. When one is not so proportioned it soon breaks, and 
must be replaced by n new one, and no credit accrues to the maker 
of the faulty one. 

In the case of a rail, we have a bar equal in size from end to end, 
and it only wants a mark or dent with a hammer to arrest the waves 
a few times, and the result is a break. The now accepted fact, that 
punching the holes for the fish-plate bolts weakens the rail 75 per 
cent., shows, to a thinking mind, that there is something wrong, 
either in the molecular construction of the metal itself, or in its ma- 
nipulation. 

I claim, and have for years, that it is in the manipulcUion ; that 
steel rails have not yet been rolled properly, or finished at a proper 
heat. They should be rolled and finished in chilled rolls, with fin- 
ished passes, and at a heat that will just set the scale. Haying 
rolled thousands of tons of rail-ends into small bars, and so treated 
them that they will bend double and stand pounding down flat, I 
feel prepared to say that, if rails were rolled as we roll tire steel, 
they would stand ten times the shock they now will, and that punch- 
ing the holes would weaken them only in proportion to the amount 
of metal removed. 

We are taking Bessemer steel and converting it into blister steel 
by the cementing process (imparting to it enough carbon, so that by 
analysis it shows 1 per cent.), rolling it into spring steel, and from 
it making hundreds of pairs of springs per day. The leaves of the 
same are 1 J inches wide, with three holes, 5-16 inches in diameter, 
punched in each one, and when they are tested they do not break in 
the holes. There are many thousands of our tire for carriages, where 
the bolt-hole is more than \ the width of the tire, and a tire from 
this stock is scarcely ever broken. The tire is strained on the wheel 
in setting, as is well known, and receives many blows from contact 
with the pavements, fully equal to what rails are subjected to, and 
probably much more in proportion to the actual weight of its section. 
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